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As there is no “gold standard” in determining whether a fracture is caused by
accident or abuse, agreement among medical providers is paramount. Using abstracted
medical record data from children <36 months of age presenting to a level 1 pediatric
emergency department (ED), we examined the extent of agreement between specialists
who evaluate children with fractures for suspected abuse. To simulate clinical scenarios,
two pediatric orthopaedists and two child abuse pediatricians (CAPs) reviewed the full
abstraction and imaging, whereas the two pediatric radiologists reviewed a brief history
and imaging.
Each physician independently rated each case using a 7-point ordinal scale
designed to distinguish accidental from abusive injuries. For any discrepancy in
independent ratings, the two specialists discussed the case and came to a joint rating. We
analyzed 3 types of agreement: (1) within specialties using independent ratings, (2)
between specialties using joint ratings, and (3) between clinicians (orthopaedists and
CAPs) with more versus less experience. Agreement between pairs of raters was assessed
using Cohen’s weighted kappa.

	
  
From 2007 to 2010, 551 children presented to the Yale New Haven Children’s
Hospital Pediatric ED with 572 fractures. Twenty-eight cases (5.1%) were determined to
have fractures with a consensus rating indicating abuse. The skull was the most
commonly fractured bone and rib fractures had the highest association with an abuse
consensus rating (86.7%). The incidence of children presenting with an abusive fracture
in the county per year was 2.4 per 10,000 children <36 months of age. The incidence of
children presenting with an abusive fracture per ED visit was 2.2 per 10,000 visits.
Orthopaedists (κ=.78) and CAPs (κ=.67) had substantial within-specialty
agreement, while radiologists (κ=.53) had moderate agreement. Orthopaedists and CAPs
had almost perfect between-specialty agreement (κ=.81), while agreement was much
lower for orthopaedists and radiologists (κ=.37) and CAPs and radiologists (κ=.42).
More-experienced clinicians had substantial between-specialty agreement (κ=.80) versus
less-experienced clinicians who had moderate agreement (κ=.60). These findings suggest
the level of clinical detail a physician receives and his/her experience in the field has an
impact on the level of agreement when evaluating fractures in young children. The lack
of clinical data provided to the radiologists limited their ability to designate a fracture as
definitively abusive or accidental, likely lowering observed agreement scores.
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Introduction
Historical background
The medical community points towards the 1962 landmark paper by Dr. C. Henry
Kempe and colleagues titled, “The Battered-Child Syndrome,” as a turning point in how
physicians evaluate and care for children with injuries suspicious for physical abuse. This
paper included the first attempt at establishing a national incidence for child abuse as well
as a discussion of how a clinician should approach the evaluation.1,2 In addition, the
media coverage of the paper spurred a national call to action regarding the issue of child
abuse and neglect in the United States.
In the late 19th century, child protection agencies were primarily charity
organizations, not federally funded programs. The first organized child protection agency
was formed in 1874 after officials were forced to use animal cruelty laws to remove 8
year-old Mary Ellen Wilson from her abusive foster parents, as no such law protecting
children existed.3 Though these organizations relied purely on private donations to
function, by 1922 there were 300 non-governmental charities dedicated to protecting
children.3 The government became involved in child wellbeing with the creation of the
Children’s Bureau in 1912, but its mandate was to investigate and report on all matters of
child welfare, not provide protective services.
Kempe et al.’s paper created momentum for advocates of child protection,
elevating the discussion of child maltreatment to a national level. In the years following
publication, all the states and the District of Columbia enacted mandatory reporting laws
and child protection service (CPS) agencies to act on those reports. Unfortunately, a 1967
report from the Inventory of Child Protective Services found that the public agencies
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were not adequate to meet the needs of the communities they served, and that only 10 of
the 300 non-governmental child protection charities that existed four decades earlier were
still running.3 The issue of child maltreatment persisted in the national conscience until
major legislative action took place 7 years later.
The Child Abuse Prevention and Treatment Act (CAPTA) was signed into law on
January 31, 1974. Mandated within CAPTA was the creation of the National Center on
Child Abuse and Neglect (NCCAN) that solidified the government’s role in child
protection. The NCCAN began to address child protection through funding, training in
the fields of medicine, law, and social work, and establishing an incidence database to
understand the scope of the issue.3
CAPTA also defined minimum definitions for child abuse and neglect as “any
recent act or failure to act on the part of a parent or caretaker, which results in death,
serious physical or emotional harm, sexual abuse or exploitation, or an act or failure to
act which presents an imminent risk of serious harm.”4 In addition, each state was given
the right to further define child abuse and neglect as they saw fit. For example,
Connecticut law elaborates on each term individually:
“A child or youth may be found “neglected” who, for reasons other than
being impoverished, (A) has been abandoned, (B) is being denied proper
care and attention, physically, educationally, emotionally or morally, or
(C) is being permitted to live under conditions, circumstances or
associations injurious to the well-being of the child or youth.”5
“A child or youth may be found “abused” who (A) has been inflicted with
physical injury or injuries other than by accidental means, (B) has injuries
that are at variance with the history given of them, or (C) is in a condition
that is the result of maltreatment, including, but not limited to,
malnutrition, sexual molestation or exploitation, deprivation of
necessities, emotional maltreatment or cruel punishment.”5
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Though the terms “child abuse and neglect” and “child maltreatment” are often

used interchangeably, the World Health Organization (WHO) and Center for Disease
Control (CDC) use “child maltreatment” as an umbrella term. The WHO defines child
maltreatment as “all forms of physical and emotional ill-treatment, sexual abuse, neglect,
and exploitation that results in actual or potential harm to the child’s health, development
or dignity.”6 The CDC defines child maltreatment as “any act or series of acts of
commission or omission by a parent or other caregiver that results in harm, potential for
harm, or threat of harm to a child.”7 This author will use the WHO definition of child
maltreatment to address abuse in a broad sense and will specify type of abuse when
necessary.

National incidence data
Kempe et al.’s first attempt at establishing a national incidence rate for physical
child abuse was made by sending out a survey to all hospitals that asked for a report on
the incidence of battered-child syndrome over one year.2 They received responses from
71 hospitals reporting 302 total cases. Since then, much has evolved in the collection of
national child maltreatment data.
There are 2 federal databases that are commonly used to collect incidence data.
The first was created through the NCCAN mandated by CAPTA. Called the National
Incidence Study of Child Abuse and Neglect (NIS), it provides a needs assessment on
child abuse and neglect as well as an estimate of the incidence of child abuse and neglect
in the United States.8 There have been 4 iterations of the study: 1979-1980, 1986-87,
1993-94, and 2004-2005. For each NIS, the data is taken over a 3-month study period
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from a nationally representative sample of 122 counties that are served by 126 CPS
agencies as well as a group of ~6,000-10,000 “sentinels, ” defined as professionals who
encounters children or families in the course of their job and serve as lookouts for victims
of child abuse and neglect.8 NIS-4 reported a total of 1.25 million cases of child
maltreatment that corresponded to 1 in every 58 children falling victim, and an overall
decrease in the incidence of maltreatment since NIS-3. Specific to physical abuse, NIS-4
reported a 23% decrease in the rate that corresponded to 323,000 cases (versus 381,700
cases reported in NIS-3).8
The second database also stems from CAPTA after a 1988 amendment directed
the Secretary of Health and Human Services (HHS) to create a database and analysis
program for child maltreatment reporting information.9 HHS responded by forming the
National Child Abuse and Neglect Data System (NCANDS) that contains all referrals to
CPS agencies that received a disposition, including those that received an alternate
response, thus representing all known child maltreatment cases for each fiscal year.10 A
disposition is when CPS makes a ruling on an investigation that falls into one of 5
conclusions: reason to believe, ruled out, unable to complete, unable to determine, and
administrative closure. There are two alternative responses to an investigation: the
subjects of the investigation are found to be safe or unsafe. If the subject is found to be
unsafe, the caseworker has the ability to provide the family with services or file a petition
in civil court to protect the victim. The first report was issued in 1992 using fiscal year
1990 data, and the publication has continued to its 26th edition that reports fiscal year
2015 data. The most recent report, which is compared to 2011 data to assess a 5-year
trend, reports a 9% increase in reports to CPS as well as a 3.8% increase in substantiated
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victims, the vast majority (75.3%) of whom were victims of neglect.10 The most recent
report found 17.2% of children were victims of physical child abuse, a decrease from
2011 where 17.6% of children were victims.10
While the national databases provide a broad overview of the issue of child
maltreatment, some members of the pediatric child abuse community desired more
specific information on the burden of serious physical abuse injuries that lead to hospital
admission. To address this knowledge gap, Leventhal et al. (2012) used the 2006 Kid’s
Inpatient Database (KID); a weighted US sample of all discharged patients from all nonrehabilitation hospitals in the Healthcare Cost and Utilization Project’s (HCUP) State
Inpatient Database.11 Abuse was defined using combinations of International
Classification and Disease, Ninth Revision (ICD-9) codes (injury, child abuse, shaken
infant syndrome, or injury associated with child abuse (e.g. retinal hemorrhage)) and Ecodes (identified perpetrator of child abuse or assault).
The paper reported 4569 cases of physical abuse requiring hospitalization,
corresponding to a yearly incidence of 6.2 per 10,000 children <18 years of age.11
Because the KID is prepared every 3 years, another study used the data to assess
incidence over a 12-year period from 1997-2009. The study found that, in contrast to US
child protective services data showing decreasing incidence of substantiated physical
abuse cases, the incidence of serious injury due to physical child abuse resulting in
hospitalization was increasing over the same time period.12 The utility of the KID over
the national databases lies in its specificity to physical child abuse and the ability to
understand the effect of prevention programs on the trends of serious injuries over time.

	
  

6	
  

Clinical evaluation
The ability of a clinician to accurately diagnose child maltreatment is
multifactorial. Like any other ailment in medicine, a clinician must be aware of social and
behavioral risk factors, pertinent positives in the history of present illness, physical
manifestations of disease, and radiographic/laboratory evidence that lends weight to or
confirms a suspicion of disease. One of the first barriers to recognition is the clinician
allowing him- or herself to suspect child abuse. One of the lasting outcomes of Kempe’s
et al.’s paper was the recognition of a psychological barrier to accepting the possibility of
abuse within the medical community that resulted in sub-standard efforts to accurately
determine if maltreatment had occurred. Kempe writes that “many physicians find it hard
to believe that such an attack could have occurred and they attempt to obliterate such
suspicions from their mind, even in the face of obvious circumstantial evidence.”2 To
combat this unwillingness to accept the possibility of child maltreatment, decades of
research has been aimed at identifying risk factors and educating the medical community
on recognition and appropriate evaluation.
Risk factors are distributed over three categories: the child, the parent, and the
social/community environment. Child risk factors include young age (especially <12mo
old), male gender, physical or developmental disabilities, prematurity, and if the
pregnancy was unplanned.2,13-17 Risk factors of the parent include young maternal or
paternal age, history of maltreatment as a child, substance use, and poor knowledge of
normal child behavior or development.13,14 Environmental factors include low
socioeconomic status, single marital status, non-biologically related male in home,
history of domestic violence, and lack of social support.13,14 It is critical to note that while
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these risk factors aid the clinician in understanding the background of the issue, he or she
must be aware that child maltreatment occurs in all socioeconomic groups, ages, and
ethnicities, and should never be ruled due to the absence of known risk factors.14,18
One of the most important tools a clinician has in determining whether an injury
was the result of a physically abusive event is the medical history. To avoid the role of
policeman or prosecutor, a clinician must proceed with non-accusatory, open-ended
questioning with the understanding that the common goal between the caregiver and
physician is child safety.2,14,17 While school-aged children can be observed for behavioral
cues and interviewed separately from a caregiver, the history of non-verbal infants and
toddlers relies purely on the caregiver(s) interview. The clinician must critical of the
history given by the caregiver, and also be aware of elements that decisively raise
concern for an abusive event. These elements include a vague or absent history for a
significant injury, continued denial after objective data confirming abuse, constantly
changing details of a story, a mechanism of injury given that is inconsistent with the
extent of the injuries, details inconsistent with child’s motor developmental abilities,
delay in seeking medical care, or multiple witnesses with noticeably differing
explanations.14,18,19
The physical exam is an opportunity for the clinician to gather objective data that
can lend support to a suspicion of abuse. Bruising and other soft tissue injuries (burns,
abrasions, lacerations) are the most common presenting symptoms of physical abuse.20-22
While bruising is a common result of normal childhood activity, the clinician must
understand the timeline of gross motor development and patterns of suspicious bruising.
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Cruising, when an infant walks with the support of furniture (~9 months of age),

and full walking (~12 months of age) can lead to bruising over bony prominences and the
forehead.23,24 Prior to achieving these milestones, an infant is a low risk for bruising
secondary to normal activity.23,24 Pierce et al. (2010) developed a body region- and agebased tool to help clinicians differentiate abusive and accidental trauma. The TEN-4 tool
states that a bruise in the torso (including chest, abdomen, back, buttocks, genitourinary
region, and hips), ears, or neck in a child <4 months of age is a “red flag” for abuse.25 In
addition to suspicious locations, bruising with a linear imprint or outline of an object,
bruising in clusters, and the presence of petechiae increase the likelihood of physical
abuse.20

Radiographic evaluation
If the patient history indicates the possibility of head trauma, the American
Academy of Pediatrics (AAP) recommends advanced neuroimaging during the acute
evaluation.26 Computed tomography (CT) scans without contrast is the primary modality
used in the acute setting as it can be obtained quickly and can immediately identify
subdural, epidural, intraparenchymal, and subarachnoid pathology. Magnetic resonance
imaging (MRI) can be used to further characterize injuries found on CT, but also
identifies contusions, shear injury, and brain swelling/edema. These techniques can also
be used to examine the skull and face for fractures if not already assessed on
roentgenograms.
A radiographic skeletal survey is the most common tool used by clinicians to
further evaluate of a case of suspected physical abuse. A skeletal survey is a series of 22
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films that assess the appendicular skeleton (bilateral AP views of arms, forearms, hands,
thighs, legs, and feet) and axial skeleton (AP and lateral thorax, cervical spine; AP
abdomen, lumbosacral spine, pelvis; lateral lumbar spine; frontal and lateral skull).27 The
AAP has deemed a skeletal survey mandatory for any case of suspected physical abuse in
a child under 2 years of age.26 Wood et al. (2014) further expanded on this definition to
assist clinicians in defining “suspected” physical abuse in the AAP guidelines, suggesting
that a skeletal study be ordered in all children 0-11 months with any fracture (other than a
toddlers fracture or distal ulna/radial buckle fracture in a cruising child), children 12-23
months with a fracture pattern that indicates high likelihood of abuse, and any children 023 months with concerning historical elements.28 The additional information provided by
Wood et al. points to the fact that while no fracture pattern is 100% pathognomonic for
abuse, there are certain patterns that increase the likelihood of the fracture being cause by
physical abuse.
Fractures have been classified based on their specificity to abuse: high, moderate,
and low.29 High specificity patterns include posteromedial rib fractures, classic
metaphyseal lesions (planar fractures through the primary spongiosa of the metaphysis),
scapular fractures, spinous process fractures, and sternal fractures. Moderate specificity
patterns include fractures of different ages, bilateral fractures, epiphyseal separations,
vertebral body subluxations/fractures, complex skull fractures, and digital fractures. Low
specificity patterns include long-bone shaft fractures, simple skull fractures, clavicle
fractures, and the finding of subperiosteal new bone formation. Other studies have added
to this fracture evaluation, noting that any fracture of the radius/ulna, tibia/fibula, or
femur in a child under 1 year of age and any mid-shaft or metaphyseal humerus fracture
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should be considered suspicious.18,30 Regardless of fracture pattern, the clinician must
take into account all data points from the history and physical to arrive at an appropriate
determination.

Impact of maltreatment
It is of critical importance to the short-term health and safety of children with
fractures that these injuries are accurately determined to be either abusive or non-abusive;
an erroneous determination in either direction has important negative implications for the
child, family, and clinician. Mistakenly reporting an accidental incident to CPS may
result in the child being removed from the home, while failing to report a case of
suspected abuse may greatly increase the risk of further maltreatment or death.31,32 In
addition, failure to contact CPS can lead to criminal penalties for the physician.14,32
It is also important for a clinician to understand long-term health complications of
child abuse. A child may experience permanent disability as a consequence of the abusive
event, examples being limb disfigurement or neurologic deficits that include motor loss,
speech and language difficulties, hearing difficulties, and epilepsy.14,33 Long-term health
consequences of non-sexual child abuse, which was defined as physical abuse,
psychological abuse, and neglect, was examined by Norman et al. (2012) with a
systematic review and meta-analysis. Specific evaluation of exposure to physical child
abuse showed robust evidence to conclude a causal relationship with depression, anxiety,
conduct disorder, eating disorders, suicide attempt, drug use, and sexually transmitted
infections/risky sexual behavior.34 A basic understanding that physical abuse is a risk
factor for these health outcomes allows a clinician to intervene at an early stage with both

	
  

11	
  

psychiatric and social support systems. The effect of child abuse, however, is not limited
to the individual.
Society as a whole is affected by the occurrence of child maltreatment both
socially and monetarily. In the 1960’s there was a generally accepted psychological
theory known as the “intergenerational transmission of violence” or “cycle of violence”
where victims of childhood abuse and neglect would later become perpetrators of
delinquent, criminal, or violent behavior.35,36 This theory, however, was based on case
reports and retrospective studies, not empirical data. A systematic review of study
designs of the limited empirical evidence found that the two studies meeting the most of
the eight methodological standards set by the authors had opposing conclusions on the
theory.37 One study found that mothers of low socioeconomic status (SES) who reported
clearly defined severe physical abuse as children were 12.6 times more likely to commit
an act of abuse on their own children versus mothers with emotionally supportive
families; the other study found that while children who were maltreated had significantly
increased risk of being arrested for a criminal (non-traffic) offence, they were no more
likely to be perpetrators of child maltreatment.37-39
Other studies have tried examined the relationship of child maltreatment on future
SES of victims. Zielinski (2009) found increased rates of unemployment, poverty, and
Medicaid usage in subjects with a history of early victimization, but was unable to
differentiate between the types of maltreatment and their individual contribution to those
SES indices.40 Bunting et al. (2018) had a similar conclusion after performing a systemic
review of longitudinal research on the association of child maltreatment and poverty, but
also assessed physical abuse individually. They found that there was evidence to support
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a relatively clear relationship between child maltreatment and poorer economic outcomes
(such as reduced income, unemployment, lower level of skill set, and fewer assets).41
Specific to physical child abuse, the authors noted a limited evidence base (5 studies) but
concluded a consistent relationship with income and unemployment.41 More robust
evidence based on prospective studies is required to fully understand the SES impact of
physical child abuse.
The economic burden of child abuse has been difficult to accurately estimate due
to the complexity of the problem itself. Leventhal et al. (2012) were able to calculate the
immediate cost associated with a serious physical abuse events at ~$73.8 million by
accessing hospitalization charges in the KID, but their cohort excluded patient
hospitalizations for late effects of acute injuries that add to the total economic picture of
abuse.11 Florence et al. (2013) examined the short-term effect of maltreatment on
Medicaid expenditures, finding that ~9% of all Medicaid expenditures for children, and
that children with substantiated maltreatment or who were at risk of maltreatment had
>$2600 increased expenditures versus unexposed children.42 These studies, however, do
not take into account the overall cost to society by addressing the long-term impact.
As of 2010, there were only fours studies of the economic impact of child
maltreatment in the United States that used cost of illness (COI) models to address both
short- and long-term effects.43 The COI model quantifies direct costs of maltreatment and
from that calculates the value of lost productivity using the human capital approach.43
The calculated economic burdens reported in the studies are $7 billion in 1988, $80
billion in 1996, $135 billion in 2001, and $103.7 billion in 2007.43
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There are several issues with the COI model that affect these estimates. One

difficulty in calculating long-term impacts of child maltreatment is that COI models used
tend to be static versus the dynamic epidemiological models used in infectious disease
and oncology. This is due to the lack of longitudinal studies comparing controls to
maltreated subjects that can provide data on annual probabilities of transitioning from one
health status to another over a victim’s lifetime, risk behaviors, and utilization of
healthcare, child welfare, and the criminal justice systems.43 Another issue lies in the
impossible task of quantifying intangible effects of child maltreatment, such as pain and
suffering, social stigma, and mental anguish.43 Though these pitfalls decrease the
precision of the estimates, these studies are an invaluable aspect of the literature
surrounding child maltreatment for policy makers and clinicians in their work on
awareness, education, and prevention.

Reporting and decision-making
In the United States, medical professionals are responsible for reporting about
10% of the more than 3 million child maltreatment reports that are made yearly to child
protective services.10 Of the cases that are substantiated as maltreatment, 17.2% are due
to physical abuse.10 State laws mandate that clinicians report a case to CPS if there is a
reasonable suspicion, not certainty, of maltreatment.14,32
Reporting an abusive injury, however, is influenced by a clinician’s ability to
recognize injuries suspicious for abuse, the history of the clinician-family interactions,
and a clinician’s prior experience with CPS.44 The absence of a “gold standard” for
evaluating injuries also adds a layer of subjectivity in the decision to report to CPS.45 The
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complex and high-risk nature of diagnosing child abuse makes decision-making about the
likelihood of abuse challenging.
Studies of decision-making concerning fractures in young children have been
limited. A few studies have examined the frequency with which abusive fractures are
missed on initial or subsequent physician examination due to difficulty distinguishing
accidental from abusive fractures. In one study of 258 children <3 years of age who
presented to a pediatric emergency department, abuse was missed in one fifth of children
with abuse-related fractures during the initial medical visit, particularly when the victim
was a male child with an extremity fracture.46 Another study found that one third of
pediatric patients with healing abusive fractures had a previous visit where the signs of
abuse, such as bruising or swelling, were not recognized47
Other studies have examined bias in decision-making about the likelihood of
abuse and the effects of race and socioeconomic status (SES) on the clinician’s
evaluation of pediatric fractures. One study, using chart abstractions of 414 children <3
years of age, compared demographic data, including race/ethnicity, age, and insurance
status, to the outcome measures of obtaining a skeletal survey and filing a CPS report.
When controlling for likelihood of an abusive injury, it was found that children of
minority race/ethnicity were evaluated and reported for suspected abuse more often than
those of white race, especially if the child was at least 12 months of age48
It is recommended as the standard of care to use a multidisciplinary team
approach to abuse cases involving any level of uncertainty14,32,45,49,50 These teams may
consist of child abuse physicians, other physicians (e.g., pediatric radiologists or pediatric
emergency medicine physicians), nurses, social workers, and, if necessary, ethics and

	
  
legal experts51,52 These teams enhance the decision-making process of abuse cases
through the sharing of information and education of members, and can result in better
protection of children, avoidance of unnecessary CPS investigations, and improved
outcomes50,53
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Statement of Purpose
Although previous studies of fractures in young children have sometimes relied
on agreement between different types of specialists in defining abusive versus accidental
injuries19,30 no prior study has focused on the degree of agreement on the likelihood an
injury is due to abuse among specialists who evaluate fractures in young children.
Therefore, the purpose of this study was to examine the agreement of the likelihood of
abuse ratings among three specialties whose role on the multidisciplinary teams is in the
recognition and assessment of injuries suspicious for abuse: pediatric orthopaedists, child
abuse pediatricians (CAPs), and pediatric radiologists.
We also aimed to determine the incidence of abusive fractures at an urban level 1
pediatric trauma center in patients less than 36 months of age presenting to the pediatric
emergency department during a recent 4-year time period. We then compared these
results to published data from 3 other time periods at the same center,16 allowing for a 30year evaluation of the incidence of abusive fractures at a single trauma center.
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Methods
Children <36 months of age who either presented to a Yale New Haven
Children’s Hospital ED with one or more fractures or were evaluated by the Detection,
Assessment, and Response Team (DART) between January 1, 2007 to December 31,
2010 were screened for inclusion in the study. Subjects were included in the study based
on an electronic search in the Eclipsys patient financial and accounting system for ICD-9
codes 800-829, as well as the DART child abuse registry. The DART child abuse registry
data was prospectively collected at the time of subject presentation to the ED. Subjects
were excluded if the participating radiologists detected no fracture, if there was an
underlying metabolic or congenital bone disease, if the evaluation was not acute, or if the
patient information and/or radiographs were not obtainable due to transition of the
electronic medical system used at Yale New Haven Hospital.
Dr. Victoria Tate, with the help of Dr. Chang Yeon-Kim, performed the 20072010 data abstraction from each patient’s electronic medical record (EMR) to an Excel
spreadsheet. Specifically, emergency room patient data was collected from the Lynx
EMR system and inpatient data was collected from the Sunrise EMR system. The
following demographic data points were recorded: age; sex; race; type of insurance (as a
proxy for socioeconomic status); and address. The following clinical data was recorded:
fracture characteristics; reported mechanism of injury; imaging and radiology reports;
presence of non-bony injuries; clinical notes from the child abuse team, if applicable, and
social worker; admission status; whether or not a report was made to CPS; and other
outcomes (e.g., child placed in foster care). To simulate a clinical scenario, clinicians
(defined as pediatric orthopaedists and CAPs) were provided with the full data
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abstraction. The pediatric radiologists were given abstractions simulating the amount of
information given to radiologists, which included the child’s age, a brief summary of the
event, and the imaging studies without corresponding reports. All images were viewed on
the Synapse (PACS) electronic viewing system by Fujifilm.
Six physicians -- two pediatric orthopaedists (Dr. Melinda Sharkey and Dr. Daniel
Cooperman), two CAPs (Dr. John Leventhal and Dr. Rebecca Moles), and two pediatric
radiologists (Dr. Cicero Silva and Dr. Lauren Ehrlich) participated in the study. The
attending physicians from each specialty were selected based on convenience and
availability to complete the study. Each pair of specialists included one male and one
female rater. The pediatric orthopaedic surgeon and CAP pairings had a more
experienced individual (33-36 years in practice, mean 34.5 years) and a less experienced
individual (5-10 years in practice, mean 7.5 years). Each pediatric radiologist had less
than 10 years in practice.
The specialists used a rating scale to rate the likelihood of abuse. Clinicians used
a previously described19 7-point ordinal scale that ranged from definite abuse (rating of 1)
to definite accident (rating of 7) with specific criteria listed for each point (Table 1).
Radiologists used a modified version of the scale that reflected the limited data provided
for evaluation (Table 2). Radiologists were also asked to describe the location, age, and
characteristics of each fracture. Fractures of the same bone type in a single patient were
counted as one (e.g., 4 rib fractures in a single patient were designated as 1 rib) and only
one fracture was recorded if a single mechanism caused a break in both bones of the
forearm or lower leg (e.g., radius and ulna fracture on same forearm was designated as 1
radius/ulna).
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The specialists provided 3 ratings: independent, joint, and consensus. Independent

ratings were based on the physician independently rating each case. Joint ratings between
the same type of specialist were based on agreements between the two physicians’
independent ratings. If there were disagreements, then the two specialists reviewed the
case together and decided on a joint rating. Consensus ratings were based on the final
rating agreed upon by all six raters. When there were disagreements among the three joint
specialty ratings and one of the joint ratings rated the case as abuse, the six raters met to
discuss the reasoning behind their joint specialty ratings and came to a consensus rating.
This final rating was used to determine the number of fractures rated as abusive. For
discrepant cases that did not involve an abuse rating, the final rating of uncertain or
accident was assigned based on the majority joint rating.
The nature of disagreements between joint ratings was determined through
narrative analysis of the discussions between all six raters on cases where one specialty
rated abuse and another was discrepant. Based on the discussion about these discrepant
cases (n = 14), the reasons for the cases were classified. Cases of disagreements over
accidental or uncertain ratings that did not include an abuse rating were not discussed.
Prior to data analysis, individual, joint, and consensus ratings were collapsed into
narrow definitions of abuse (1-2) and accident (6-7). The remaining ratings were
collapsed into an uncertain category (3-5).

Data Analysis
Three types of comparisons were made: (1) agreement within specialties (e.g.,
orthopaedist vs. orthopaedist) using independent ratings, (2) agreement between
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specialties (e.g., orthopaedists vs. CAPs) using joint ratings, and (3) agreement between
clinicians with more versus less experience (e.g., experienced orthopaedist vs.
experienced CAP) using independent ratings. Consensus ratings were used to determine
incidence of abusive fractures in our population.
Weighted Cohen’s kappa (κ) coefficients54 were calculated to determine interrater reliability. Cohen’s kappa (weighted and unweighted) is a categorical measure of
agreement that is considered more robust than simple percent agreement because it
adjusts for agreement likely due to chance alone. Unlike with unweighted kappa, where
all disagreements are given equal weight, weighted kappa takes into account the degree
of disagreement between raters. For example, a disagreement between ratings of abuse
versus accident is weighted higher than a disagreement between ratings of abuse versus
uncertain cause. Kappa coefficients can range from perfect disagreement (-1) to perfect
agreement (+1): a coefficient of 0 indicates agreement equivalent to chance alone.55
Generally accepted interpretations of kappa values are found in Table 3.
To provide a population estimate of the incidence of abusive and total fractures in
children less than 36 months of age, our denominator was the number of children of this
age living in New Haven county in 2010 (based on census data56); the numerator was the
number of children with abusive fractures as determined by consensus by the six
participating physicians. The census data reported children aged 0-5 years old as 48,633.
To approximate children <36 months only, 3/5 of the category was taken, resulting in
29,197 children. For ease in calculations, this number was rounded to 29,200 children.
The analysis was restricted to children in New Haven County because children living in
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other counties may have sought care at other medical centers, and thus, the numerator for
these children would be incomplete.
We also calculated annual rates for total fractures and abusive fractures per
10,000 ED visits. The denominator was the average number of ED visits per year at
YNHH Pediatric ED over the study period. Data was provided by Jason Malia, assistant
manager of the pediatric ED. Data points ranged from 31,194 to 31,681 visits per year
with an average of 31,488 visits per year. For ease in calculations, the average was
rounded to 31,500 visits.
To assess the 30-year trend of population and ED visit incidence of abusive
fractures at a single institution, our 2010 data was then compared to previously published
incidence data. Leventhal et al. (2007) reported abusive fracture data from YNHH during
three separate time periods: 1979-1983, 1991-1994, and 1999-2002.16 The methodology
reported in this study was also used to calculate incidence data in the previous study. The
previous study used population census data and ED visit data from 1981, 1992, and 2000
for each respective time period to calculate incidence.16 The Cochran-Armitage test for
trend was used to assess for changes in incidence over time. A two-sided statistical
significance level of .05 was applied to all incidence analyses.
All statistical analyses were conducted by Dr. Julie Gaither using SAS software
(version 9.3; SAS Institute Inc.). The study was approved by the Institutional Review
Board at Yale School of Medicine (HIC # 1307012346).
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Results
Of the 596 eligible children, 551 were included in the final sample and 45 were
excluded for the following reasons: 23 children had no fractures, 2 had an underlying
bone disease, 2 had fractures that were not acute, and 18 had images/data that could not
be obtained. The 551 included children had 572 fractures. Of the 551 children, 28 (5.1%)
were determined to have fractures with a consensus rating indicating abuse.
Demographics of the sample are shown in Table 4, and the location and number of
affected bones in Table 5.
Percent agreement and kappa coefficients (with 95% confidence intervals) are
shown in Table 6. Orthopaedists had the highest within-specialty agreement (93.5%) and
kappa (.78), whereas radiologists had the lowest (74.2% and .53, respectively). Of the
between-specialty comparisons, agreement between the orthopaedists’ and CAPs’ joint
ratings was the highest (94.4% and κ=.81), whereas agreement between the CAPs and the
radiologists and between the orthopaedists and the radiologists were markedly lower.
Comparison of more experienced clinicians in Table 6 showed 94.2% agreement and
κ=.80, while less experienced clinicians had 86.2% agreement and κ=.60.
The detailed results comparing the joint ratings between specialties are shown in
Table 7. When joint ratings of the orthopaedists and CAPs were compared, there were
only 31 cases where an orthopaedist or CAP rated the case as uncertain when the other
specialty rated the case as abusive or accidental (Table 7a.). In contrast, cases that
orthopaedists and CAPs rated as either abuse or accident were rated by the radiologists as
uncertain in 154 (Table 7b.) and 139 (Table 7c.) cases, respectively.
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Narrative analysis of the 14 cases in which one joint specialty rating rated the case

as abuse and another specialty rating was discrepant revealed 3 main causes of
disagreement. The most common etiology, 11 of 14 cases, was the amount of information
available to the clinicians as opposed to the radiologists. Two cases of disagreement
stemmed from the clarity of the rating scale, specifically, how to account for neglect
versus abuse. Lastly, one case of disagreement was over an uncertain fracture pattern that
could not be clarified with the abstracted data (e.g., needed an MRI to assess for more
details, but such testing had not been performed).
Table 8 shows the likelihood of abuse for each fracture location for the study
period. The skull was the most commonly fractured bone with the vast majority of skull
fractures rated as accidental (96.1%). Rib fractures were rated as abusive except for 2
patients who sustained rib fractures in motor vehicle accidents. Rib fractures (13 patients)
were the most common bone fractured due to abuse, followed by tibia/fibula (6 patients),
humerus (6 patients), skull (6 patients), femur (3 patients), radius/ulna (3 patients),
clavicle (2 patients) and hand (2 patients). The 1 abusive fracture that occurred in the 1223 month old group was a skull fracture.
Because age is a strong predictor of the likelihood of abuse, occurrence of abuse
by age is shown for the study period (Table 9). Of the 551 children who presented with
at least 1 fracture, 42.1% were admitted to the hospital. The age breakdown for hospital
admission reveals 18.2% (25/137) of those < 12 months of age admitted to the hospital
were abused and 2.3% (1/44) in the admitted 12-23-month-age group had been abused.
No abusive fractures 0.0% (0/51) were seen in the admitted 24-35-month-age group nor
in any patient in the 24-35-month-age group.
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The incidence of children <36 months old presenting with fractures and abusive

fractures in New Haven County per year per 10,000 children < 36 months old for all four
time periods is shown in Table 10. The population incidence has remained statistically
constant (p for trend = .34) over the past 30 years: 2.4 abusive fractures/10,000 children
<36 months of age for the latest time period compared to 3.2/10,000, 1.7/10,000 and
2.1/10,000 for the prior three time periods, respectively. As many more children with
fractures presented to the ED in the most recent time period, the overall fracture
incidence per population (47.2 fractures/10,000 children <36 months of age) was higher
compared to the previous three time periods (14.7/10,000, 17.0/10,000 and 18.2/10,000,
respectively) (p for trend < .001).
Table 11 shows the rates of fractures and abusive fractures per 10,000 ED visits
over all 4 time periods. The total number of patients presenting with fractures in the most
recent period was much higher than previous time periods, even relative to the increasing
number of pediatric ED visits. Consequently, the most recent time period shows a rate of
43.7 fractures/10,000 ED visits compared to 26.7, 34.3 and 23.2 fractures/10,000 ED
visits in the earlier time periods, respectively (p for trend < .001). The rate of abusive
fractures per 10,000 ED visits significantly decreased between the earliest and latest time
period (p for trend < .001) as the number of ED visits increased substantially from 1981
(15,000 visits) to 2010 (31,500 visits), but the population incidence of abusive fractures
remained constant.
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Discussion
In this study of interobserver agreement between specialists who evaluate young
children with fractures concerning for abuse, we found moderate to substantial agreement
within specialties, fair to almost perfect agreement between specialties, and substantial
and moderate agreement between more and less experienced clinicians, respectively.
Orthopaedists and CAPs had the highest within-specialty and between-specialty
agreement, while radiologists had the lowest within-specialty agreement. In addition,
agreement between radiologists and the other two specialties was low. Some of these
results are explained by the amount of history provided to a rater. The clinicians, who had
access to more comprehensive data for each case, showed substantial within- and
between-specialty agreement. In contrast, the radiologists, who were given limited data,
had much lower kappa values.
Because only few types of fractures or fracture patterns are thought to be highly
specific for abuse, the ability to distinguish abusive from accidental fractures often
depends on the circumstances surrounding the injury and the match between the history
and injuries related to the mechanism, severity, and timing. Campbell et al. (2015) noted
the required elements of a history in order to appropriately assess a child for an abusive
injury. From a total 90 elements in a history, evaluation of an intracranial hemorrhage, a
long-bone fracture, and a skull fracture required 30, 21, and 18 elements of history,
respectively.57 The methodology in our study attempted to simulate a clinical scenario by
providing radiologists with the normal amount of information they receive, but to
determine the fracture etiology confidently as abusive or accidental may have required
more historical information. This uncertainty is reflected in Table 7, which shows that
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radiologists rated 172 cases as uncertain, while orthopaedists and CAPs used the rating of
uncertain in 29 and 44 cases, respectively.
Another factor that may have contributed to the level of uncertainty seen in the
radiology scores is the high number of skull fractures in this study, which accounted for
27% of all fractures. During the narrative analysis of the discrepant cases, of which over
half were skull fractures, both the pediatric radiologists and CAPs noted how skull
fractures in particular are difficult to categorize, especially if there is a lack of history
surrounding the fracture.
Experience also played a role in the levels of interobserver agreement with higher
kappa values for the orthopaedist-CAP pair with over 30 years of experience for each
clinician compared to the orthopaedist-CAP pair with less than 10 years of experience.
Experience has been shown to have an effect on the evaluation of other types of abuse
cases. For example, Paradise et al. (1997) examined the effect of experience on the
evaluation of sexual abuse in female children. Physicians were more experienced if they
had evaluated 100 children or more, whereas less experienced physicians had evaluated
fewer than 100 children. The investigators found that assessments by physicians with
greater experience conformed to the consensus interpretation of the genital physical exam
more often than assessments by less experienced physicians.58 The difference seen in our
study may be the result of increased exposure of experienced clinicians to abusive
fractures that do not fit with commonly taught patterns, as well the ability to draw on
years of mechanism-to-fracture comparison that could be extrapolated to cases in this
study.
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A few studies have examined inter-rater reliability related to the diagnosis of

abusive fractures in children, but the assessment of agreement was not the main focus of
these studies. In 2007, Leventhal et al. reported incidence data for abusive fractures in
children presenting to a level 1 pediatric trauma center over 3 times periods that spanned
24 years.16 Ratings of fractures in children <36 months of age were carried out using a
methodology similar to that used in the current study. In the 2007 study, the weighted
kappa values for the clinicians were very high, while the weighted kappas comparing the
clinicians’ and radiologists’ ratings were .87, .93, and .53 for each respective time period.
The current study shows a similar level of agreement between the clinicians and
radiologists (.42) as the last time period (.53), but less agreement than for the first two
time periods. The consistency of the kappa values for clinicians over time suggests that
the rating scale can be used in a consistent manner.
While national data have shown a marked decrease in the rates of substantiated
physical abuse between 1990 and 2010,59,60 studies evaluating cases of serious physical
abuse have shown no decrease and in some cases an increase in rates. Our results are inline with national data that show a stable to slight increase in the incidence of
hospitalizations of children with serious injury due to physical abuse between 1997 and
2009.12 Another study using data from 38 children’s hospitals in the U. S documented an
increase in hospitalizations for physical abuse between 2000 and 2009.61
Very few studies have evaluated the actual incidence of abusive fractures in
children in the United States. Leventhal et al. (2008) used the Kids’ national inpatient
database for the years 1997, 2000 and 2003 to determine the incidence of abusive
fractures in hospitalized children < 36 months of age.62 Overall, they determined a rate of

	
  

28	
  

15.3 hospitalizations for abusive fractures/100,000 children <36 months old. This is very
similar to the incidence of children hospitalized with an abusive fracture in our study: in
2010, there were 18.8 hospitalizations for abusive fractures/100,000 children < 36
months old.
Although the population incidence of abusive fractures has remained constant
over time, the incidence of abusive fractures per 10,000 ED visits has significantly
decreased over time. The total number of ED visits per year has more than doubled since
1979. Hence, as the population incidence remains largely unchanged, the ED incidence of
abusive fractures has decreased relative to the great increase in ED visits per year.

Our study has a number of strengths. First, we used a single classification scale to
rate all cases in a large sample. Second, this is the first study that includes pediatric
orthopaedists – specialists well-versed in interpreting radiographs in children and caring
for children with abusive and accidental fractures. Third, in contrast to large database
studies that provide a view of incidence and temporal trends in child abuse, this study
allowed for a detailed examination of all cases of fractures in children less than 36
months of age who presented to a single, urban medical center.
This study has at least three limitations. First, there is the inherent limitation in a
retrospective study. We assumed that the record keeping over the entire study period was
complete and accurate, but have no means to validate that assumption. A clear and
complete history is a crucial aspect in the evaluation of a child, and in some cases we
were unable to obtain the details needed to make an accurate assessment of a case.
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The second limitation is that the consensus ratings, although agreed upon by 6

specialists, do not convey whether or not there was a substantiated case of abuse by CPS.
The consensus rating is only a reflection of clinical agreement on the likelihood of the
etiology of a fracture being abusive or accidental. In practice, CPS outcomes of children
with injuries largely depend on the medical evaluation, raising the question of whether
the medical or CPS determination is the best measure of accuracy. While it can be
hypothesized that our consensus ratings would correlate with CPS outcomes, further
study and access to CPS substantiations would be necessary to determine if our
consensus ratings were similar to substantiations by CPS.
Third, the overall incidence of patients presenting with a fracture was nearly 2fold higher than in the earlier time periods, even after taking into account changes in
population and ED visits. Part of the difference may be explained by how eligible
children were identified. In the first 3 time periods, children with fractures were
identified from the ED logs and child abuse logs, while in the latest time period eligible
children were identified with a computer search using ICD-9 codes. Despite these
differences, the population incidence of abusive fractures in children <36 months of age
has remained statistically unchanged since 1979.
Another potential reason for the dramatic increase in overall fracture numbers
may be a related to documented national trends in the willingness of the general
community orthopaedic surgeon to care for children with fractures in the emergency
department and in the outpatient setting. In the orthopaedic literature published over the
past 15 years, authors have documented a significant decreased willingness of private
practice orthopaedic groups to treat both Medicaid-insured and privately-insured
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pediatric patients with fractures.63-65 More children with accidental fractures were
potentially referred to our institution in the most recent period in keeping with these
national trends of referral of more and more pediatric fractures to academic specialty
centers.

Implications from this study include the importance of interdisciplinary decisionmaking when evaluating fractures concerning for abuse in young children. Lindberg et al.
(2008) noted broad variability between experts assessing the likelihood of abuse using a
single evaluation scale, and thus cautioned against the use of an assessment by a single
expert. Each specialty brings a different background in training and evaluation methods,
all of which combined likely lead to a more accurate determination of the etiology of a
fracture than one physician or specialty alone. There may be opportunity to address this
during residency training with interdisciplinary seminars on the detection of child abuse
that bring subspecialists together early in their careers and identify specific aspects of the
history, physical exam, and imaging that each specialty uses to determine the etiology of
a fracture.
In addition, our study suggests that members of this interdisciplinary detection
team have experienced physicians in each field to improve diagnostic accuracy. The
observed difference in agreement between our more-experienced clinicians and lessexperienced clinicians identified a knowledge gap that exists beyond residency training.
To address this gap, it is crucial that more-experienced clinicians be periodically given
the opportunity to moderate sessions during which more junior clinicians work through
difficult cases in a low-pressure setting. The narrative analysis performed in this study is
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a microcosm of what can and should be achieved at a departmental level. By allowing
each senior and junior attending to verbalize their reasoning for a particular score on a
case, there was opportunity for a discussion and thus learning both on topics both
particular to the case and on general topics of evaluating a child for abusive fractures in
general. A joint departmental meeting would be the ideal setting for this learning event,
but even a discussion within each department is beneficial for the continued learning of
attending physicians.

	
  

32	
  

Conclusion
The medical diagnosis of child abuse is complex and involves multiple disciplines
within medicine as well as collaboration with community investigators. This is the first
study to examine agreement on the likelihood of abuse among 3 groups of specialists who
evaluate young children with fractures. Access to a complete clinical history was a
contributing factor to the extent of agreement.
Orthopaedists and CAPs, who were given the full abstraction, had substantial
within-specialty agreement, and when compared to each other, had the highest agreement
in the study. Radiologists had the most uncertainly about the likelihood of abuse in a
child with fractures, which is consistent with the limited clinical information provided to
radiologists and with the fact that the evaluation of fractures must be considered within
the clinical context. The result of this limiting factor was a lower agreement whenever a
pediatric orthopaedist or CAP was compared with a radiologist. Experience of the raters
also contributed to agreement, with more-experience clinicians having substantial
agreement versus the moderate agreement seen in less-experienced clinicians.
This is also the first study to report on the incidence of abusive fracture by
detailed review of individual cases at a single level 1 trauma center over a 30-year time.
The rate of abusive fractures has not decreased significantly over the last 30 years
suggesting that more attention needs to be paid to preventing this serious problem.
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Table 1. Clinical Criteria to Distinguish Abuse from AccidentsA
1 - Definite Abuse
1.1 Positive skeletal survey (multiple recent fractures or fractures of various ages)
1.2 Eye witness
1.3 Multiple internal injuries
1.4 Physical findings: unexplained or suspicious bruises, burns, scars
1.5 Sibling abused at same time
1.6 Definite intentional act causing physical harm to child
1.7 Parental fight, injury not directed at child
1.8 Suspicious injury with definite later abuse
2 - Likely Abuse
2.1 Original doctors called injury abuse AND history inconsistent:
History not sufficient for injury and/or
Story of accident changes and/or
Family members present different versions of history and/or
Inappropriate delay in seeking care and/or
History unknown
3 - Questionable Abuse
3.1 History inconsistent:
History not sufficient for injury and/or
Story of accident changes and/or
Family members present different versions of history and/or
Inappropriate delay in seeking care
4 - Unknown Cause
4.1 Insufficient information available in chart
5 - Questionable Accident
5.1 Isolated incident, SW/MD has no suspicion of abuse, story somewhat inconsistent with
extent of injury, but consistent with type of injury
5.2 SW/MD has no suspicion of abuse, story somewhat inconsistent with extent of injury,
neglect involved
5.3 Isolated incident, no suspicion of abuse, story not known
5.4 Isolated incident, SW/MD with suspicion of abuse, story somewhat
inconsistent
6 - Likely Accident
6.1 Consistent story, SW/MD has no suspicion of abuse, isolated injury
6.2 Consistent story, no suspicion of abuse, neglect involved
6.3 Minimal but consistent story, SW/MD no suspicion of abuse, isolated incident
6.4 Story consistent with injury; aggressive or irresponsible behavior involved, however
injury not directly inflicted (ie. fall from bed <2y old, fall down stairs <2y old, fall
from table <1y old, fall from open window)
6.5 Consistent story, underlying bone pathology
6.6 Consistent story, SW/MD has no suspicion of abuse, but old injury newly
discovered without history to explain it
7 - Definite Accident
7.1 Motor vehicle accident
7.2 Multiple witnesses (police report, ambulance at scene)
7.3 Pedestrian hit by automobile
A
Thomas, Rosenfield, Leventhal, & Markowitz, 1991
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Table 2. Radiological Criteria to Distinguish Abuse from AccidentsA
1 - Definite Abuse
1.1 Serious trauma must have been involved, not reflected in history
1.2 Serious trauma must have been involved, suspicious delay in reporting
1.3 Multiple fractures found, not explained by history
1.4 Healing fractures found, not explained by history
2 - Likely Abuse
2.1 Injury severe, history does not reflect sufficient severity
3 - Questionable Abuse
3.1 History inconsistent:
3.2 Suspicious delay in reporting
(classic metaphyseal lesion (CML), posterior rib fracture, bilateral fractures?)
4 - Unknown Cause
4.1 Fracture not suspicious, story incomplete
5 - Questionable Accident
5.1 Fracture not suspicious, story consistent, not enough details
6 - Likely Accident
6.1 Fracture not suspicious, story consistent with fracture
7 - Definite Accident
7.1 Fracture not suspicious, story consistent and thorough, witnesses (ie. MVA,
police, teacher, doctor, etc.)
A

Thomas, Rosenfield, Leventhal, & Markowitz, 1991
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Table 3. Interpretation of Cohen’s kappaA

A

κ

Interpretation

<0.00
0.00-0.20
0.21-0.40
0.41-0.60
0.61-0.80
0.81-1.00

Poor
Slight
Fair
Moderate
Substantial
Almost Perfect

Landis & Koch, 1977
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Table 4. Demographic characteristics of N = 551 cases
Characteristics

N (%)

Gender
Male

299 (54.3)

Race/Ethnicity
White
Hispanic
African American
Other

284 (51.5)
132 (24.0)
98 (17.8)
37 (6.7)

Age (months)
0-11
12-23
24-35

171 (31.0)
176 (31.9)
204 (37.0)

Insurance
Medicaid/uninsured
Private
Unknown

244 (44.3)
232 (42.1)
75 (13.6)
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Table 5. Affected bones for the N = 572 fractures
Bone

N (% Total)

Skull
Tibia/fibula
Radius/ulna
Humerus
Femur
Clavicle
Hand
Foot
Rib
Face
Spine

155 (27.1)
100 (17.5)
97 (17.0)
75 (13.1)
41 (7.2)
34 (5.9)
31 (5.4)
16 (2.8)
15 (2.6)
7 (1.2)
1 (0.2)
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Table 6. Extent of agreement
%
Agreement

Cohen’s kappa
Coefficient (κ)

Confidence
Interval

Agreement
Interpretation

Within Specialties
Orthopaedics
CAP
Radiology

93.5
88.9
74.2

0.78
0.67
0.53

0.71-0.85
0.58-0.76
0.46-0.60

Substantial
Substantial
Moderate

Between Specialties
Orthopaedics, CAP
CAP, Radiology
Orthopaedics, Radiology

94.4
72.6
70.1

0.81
0.42
0.37

0.75-0.88
0.34-0.50
0.29-0.45

Almost Perfect
Moderate
Fair

Experience
More Experience
Less Experience

94.2
86.2

0.80
0.60

0.74-0.87
0.50-0.69

Substantial
Moderate

Rating Comparison

	
  

39	
  

Table 7. Collapsed joint ratings for specialistsA
7a.
Pediatric
Orthopaedists

Child Abuse Pediatricians
Abuse
Uncertain
Accident

Abuse
26
0
0
26

7b.
Pediatric
Orthopaedists

A

Accident
0
8
473
481

30
29
492
551

Pediatric Radiologists
Abuse
Uncertain
Accident

7c.
Child Abuse
Pediatricians

Uncertain
4
21
19
44

Abuse
Uncertain
Accident

Abuse
19
3
0
22

Uncertain
Accident
11
0
18
8
143
349
172
357
Pediatric Radiologists
Abuse
Uncertain
Accident
19
7
0
2
33
9
1
132
348
22
172
357

Collapsed Scores: Abuse 1-2, Uncertain 3-5, Accident 6-7

30
29
492
551

26
44
481
551
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Table 8. Likelihood of Abuse Based on Fracture Location 2007-2010
# of Fractures
Location
% Abuse per Location
Total
Abuse
Rib
Humerus
Femur
Hand

15
75
41
31

13
6
3
2

86.7
8.0
7.3
6.5

Tibia/Fibula
Clavicle
Skull

100
34
155

6
2
6

6.0
5.9
3.9

Radius/Ulna
Foot
Other

97
16
8

3
0
0

3.1
0
0

Total

572

41

7.0
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Table 9. Ratings of Abuse, Uncertain, and Accident by Age Group
Age in Months

# Patients

N Abuse (%A)

0-11

171

27 (15.8)

25 (14.6)

119 (69.6)

12-23

176

1 (0.6)

15 (8.5)

160 (90.9)

24-35

204

0 (0.0)

4 (2.0)

200 (98.0)

Total

551

28 (5.1)

44 (8.0)

479 (86.9)

A

Percentage of total in each age group

N Uncertain (%A) N Accident (%A)
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Table 10. Incidence of a Child Presenting to the ED with a Fracture and with an
Abusive Fracture per 10,000 children <36 Months of Age in New Haven
County
Year

Population
(0-36 months)A

Incidence of Patient Incidence of Patient
Presenting with
Presenting with
B,C
Abusive FractureB,D
Fracture

1981E
27,300
14.7
E
1992
35,300
17.0
E
2000
31,900
18.2
2010*
29,200
47.2
A
Estimated population in New Haven County children 0-36 months
B
Fractures/10,000 children <36 months of age
C
p for trend = < .001
D
p for trend = .34
E
Leventhal et al., 2007

3.2
1.7
2.1
2.4
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Table 11. Incidence of a Child < 36 Months of Age Presenting with a Fracture and with an
Abusive Fracture per 10,000 visits to Yale New Haven Children’s Hospital Emergency
Department
Abusive Fracture
Year
Pediatric ED Visits Fracture PatientsA,C
PatientsB,C
1981D
15,000
26.7
6.0
1992D
17,500
D
2000
25,000
2010
31,500
A
Total fracture patients/10,000 ED visits
B
Abusive fracture patients/10,000 ED visits
C
p for trend < .001
D
Leventhal et al., 2007

34.3
23.2
43.7

3.4
2.5
2.2
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